Currently, 40% of HIV-infected women enrolled in national prevention of mother-to-child transmission (PMTCT) program in India are loss to follow-up (LTF) before they can receive single dose Nevirapine. To date no study from India has examined the reasons for inadequate utilization of PMTCT services. This study sought to examine the socio-demographic factors associated with LTF of HIV-infected women enrolled during 2002Á2008 in a large-scale private sector PMTCT program in Maharashtra, India. Data on HIV-infected women who were enrolled during pregnancy (N0734) and who reported live birth (N 0770) were used to analyze factors associated with LTF before delivery and after delivery, respectively. Univariate and multivariate analyses were conducted to estimate the associations between being LTF and socio-demographic factors using generalized linear models. Eighty (10.9%) women were LTF before delivery and 151 (19.6%) women were LTF after delivery. Women with less than graduate level education (RR 06.32), from a poor family (RR01.61), who were registered after 20 weeks of pregnancy (RR 02.02) and whose partners were HIV non-infected or with unknown HIV status (RR 02.69) were more likely to be LTF before delivery. Similarly, the significant factors for LTF after delivery were less than graduate level education (RR 01.82), poor family (RR 01.42), and registration after 20 weeks of pregnancy (RR01.75). This study highlights the need for innovative and effective counseling techniques for less educated women, economic empowerment of women, better strategies to increase uptake of partner's HIV testing, and early registration of women in the program for preventing LTF in PMTCT programs. This need for innovative counseling techniques is even greater for PMTCT programs in the public health sector as the women accessing care in the public sector are likely to be less educated and economically more deprived.
Background
Prevention of HIV transmission from a HIV-infected pregnant woman to her child requires completion of a cascade of services beginning with HIV testing and counseling for the pregnant woman followed by antiretroviral treatment (ART) or prophylaxis for the HIV-infected pregnant woman, safe obstetric interventions and counseling, and support for safer infant-feeding options (World Health Organization [WHO], 2008) . Adequate utilization of each service in this cascade contributes to determining the effectiveness of a program for prevention of mother-to-child transmission (PMTCT) of HIV.
Loss to follow-up (LTF) of women enrolled in a PMTCT program at different stages has been recognized as a major hurdle by PMTCT programs in resource poor settings. In one of the PMTCT programs in Malawi, the progressive LTF rates were 68% by delivery and 81% by the six-month post-natal visit (Manzi et al., 2005) . A PMTCT program from Coˆte d'Ivoire reported LTF rates of up to 84% before the women had started taking Zidovudine prophylaxis (Painter et al., 2004) . Similarly, a program in Zimbabwe reported 76% LTF rates before the mother and the baby could be given single dose Nevirapine (sdNVP; Perez et al., 2004) . While a study from South Africa reported that more than 70% of infants born to HIV-infected mothers were LTF by four months of age (Sherman, et al. 2004) . In India more than 3.5 million pregnant women were tested for HIV in 2008 (National AIDS Control Organization [NACO], 2008) . However, approximately 40% of the identified HIV-infected women and their babies were apparently LTF before they could be given sdNVP (NACO, 2008) . With high rates of LTF, efficacy of a PMTCT program is substantially reduced not only because the objective of reducing pediatric HIV transmissions is compromised but also because of the missed opportunity to link HIV-infected women and their partners to further care and support activities.
There is dearth of literature on the risk factors for LTF of HIV-infected women within PMTCT programs. Almost all of the studies in the PMTCT *Corresponding author. Email: shirishdarak@gmail.com Care Vol. 23, No. 5, May 2011, 593Á600 setting to date have been carried out in African countries. However, factors found to be associated with LTF in the African PMTCT setting may be different from the Indian PMTCT setting due to substantial differences in the social, cultural, and economic context in which women's lives are embedded. Therefore, in order to increase the efficacy of a PMTCT program, there is a need to study the risk factors in the local and cultural contexts while identifying any common factors in the different geographic and cultural settings. Further the factors identified in previous studies have been mostly derived from qualitative data (Bwirire et al., 2008; Chinkonde et al., 2009) . Previous qualitative studies in Africa have identified a few risk factors for LTF such as fear of stigma, discrimination, household conflict, and even divorce on disclosure of HIV status; lack of support from partners; social and cultural taboos associated with artificial feeding; long waiting times at ANC; and unaffordable transport costs to the hospital (Bwirire et al., 2008; Chinkonde et al., 2009; Painter et al., 2004) .
AIDS
Although LTF in the PMTCT setting has been identified as a problem in India, no data on risk factors for LTF in PMTCT programs are available. Therefore understanding the risk factors for LTF of HIVinfected women in the PMTCT programs in India will assist in devising strategies to achieve higher follow-up rates and subsequently improve health outcomes and survival in women and infants seeking care at such facilities. Hence, the contributions of this paper are twofold: first, quantitative analysis of risk factors associated with LTF of HIV-infected women in the PMTCT setting and second, focus on a geographic site where such a study has never been carried out previously. Quantitative analyses of the data are needed for better generalizability of the results. This study is also unique as it analyzes the data from one of the largest private sector PMTCT programs in the country. Therefore, the findings of this study will be useful to the health care providers as well as to the program managers and policy-makers currently implementing or planning to implement PMTCT programs in the private and public sectors.
Methods
The PRAYAS PMTCT program PRAYAS, a non-government organization (NGO) located in the city of Pune, Maharashtra, a state with HIV prevalence of 0.67% (NACO, 2007) started implementing a PMTCT program in the private health sector in September 2002. This program, funded by Elizabeth Glaser Pediatric AIDS Foundation (EG-PAF), is one of the largest private sector PMTCT programs in India. By the end of 2008, PRAYAS collaborated with 43 hospitals in nine districts of Maharashtra and provided comprehensive antenatal care (ANC) counseling and HIV testing services to 122,005 pregnant women and enrolled 950 HIVinfected women in the PMTCT program. ANC and PMTCT counseling is provided by trained counselors located at these hospitals. HIV-infected women are offered AZT-based ARV prophylaxis for PMTCT as per the WHO recommendation for resource poor countries. Infant-feeding counseling is provided to the women and the option of breastfeeding, as well as replacement feeding is given to women after thorough discussion on the availability, affordability, feasibility, accessibility, and sustainability (AAFAS) of replacement feeding. HIV exposed infants are tested for HIV by DNA PCR test.
Data collection
All data were collected by trained counselors located at the hospitals using a pre-designed semi-structured questionnaire. These data were collected primarily for programmatic purposes and not to study LTF in the PMTCT setting. The socio-demographic data were collected at the time of registration of pregnant women in the PMTCT program and the data on each follow-up visit were recorded on separate follow-up sheets. Case to case data validation was regularly conducted as a part of internal monitoring of the program and these data were entered in a special software devised for monitoring the PMTCT program.
Detailed information was collected on sociodemographic factors, past obstetric and medical history of the woman, and socio-demographic information about partner. Information on delivery was noted on a separate sheet. Detailed information on adherence to ART and infant-feeding practices was collected during the follow-up visits.
Case definition
HIV-infected women registered during pregnancy and who were not known to have terminated the pregnancy were included in the analysis. Women were considered as LTF before delivery if they did not come to the hospital for delivery by the expected date (cutoff date was 31 December 2008) and could not be contacted even after repeated attempts. Similarly, women were considered LTF after delivery if they came during labor and delivered a live baby but did not come for regular postnatal visits till the baby's HIV status was diagnosed. As a routine procedure, consent for contacting women is sought at the time of registration into the program and women are contacted by letter, phone calls, or home visits when they miss their scheduled visit with the doctor or the counselor.
Statistical analyses
We undertook a descriptive analysis of basic demographic characteristics of the HIV-infected women enrolled in the program. We conducted statistical analyses to determine the risk factors for LTF before delivery and after delivery for pregnant women registered in the PMTCT program. Univariate analysis using generalized linear regression was conducted to estimate the associations between being LTF and demographic, as well as other social factors. Statistically significant covariates (in the univariate analysis) were tested in multivariate models using generalized linear regression. Separate final models for analysis of LTF before delivery and after delivery were selected using backward stepwise elimination technique. All statistical analyses were performed with STATA for Windows (Version 9.0).
Results
Between 2002 and 2008, a total of 950 HIV-infected women were registered in the program (840 were enrolled during pregnancy and 110 were enrolled during labor). Of these women, 80 (10.9%) women meeting the case definition of LTF before delivery and 151 (19.6%) women meeting the case definition of LTF after delivery were identified. Table 1 shows results of univariate analysis (using regression techniques) of various potential factors associated with LTF before and after delivery. Presence of previous healthy children, woman's education level, family's economic status, partner's HIV status, and woman's referral status were found to be statistically associated with being LTF before delivery. In addition to these factors, place of residence, stage of pregnancy at the time of registration, mode of delivery, birth weight of baby, infant-feeding option, and medication regimen given to the baby were found to be statistically associated with being LTF after delivery.
The results of multivariate analysis conducted to identify the risk factors associated with LTF before delivery are shown in Table 2 .
A woman with less than graduate level education was 6.32 (95% CI: 1.57Á25.44) times more likely to be LTF than a woman with graduate level education after controlling for other covariates. A woman from a poor family was 1.61 (95% CI: 1.07Á2.42) times more likely to be LTF than a woman from a middle class or rich family. A woman who was registered after 20 weeks of pregnancy was 2.02 (95% CI: 1.34Á3.05) times more likely to be LTF than a woman who was registered within the first 20 weeks of pregnancy. A woman whose partner's HIV status was seronegative or unknown was 2.69 (95% CI: 1.71Á4.24) times more likely to be LTF than a woman whose partner was HIV seropositive.
The results of multivariate analysis conducted to identify the risk factors associated with the woman's LTF after delivery are shown in Table 3 .
A woman with less than graduate level education was 1.82 (95% CI: 1.03Á3.22) times more likely to be LTF than a woman with graduate level or higher than graduate level education after controlling for other covariates. A woman from a poor family was 1.42 (95% CI: 1.05Á1.91) times more likely to be LTF than a woman from a middle class or rich family. A woman who was registered after 20 weeks of pregnancy was 1.75 (95% CI: 1.12Á2.73) times more likely to be LTF than a woman who was registered within the first 20 weeks of pregnancy.
Discussion
Our analyses of the risk factors for LTF in HIVinfected pregnant women before delivery and after delivery are discussed later in detail.
Woman's education level
Women with graduate level education were less likely to be LTF compared to women with less than graduate level education. Previous research in India on a nationally representative sample has identified woman's education as a significant factor influencing utilization of maternal and child health care services (Govindasamy & Ramesh, 1997) . Our analysis suggests that woman's education is an important determinant for continued utilization of PMTCT services among HIV-infected women.
The relationship of maternal education and health care utilization is not straightforward and several pathways in which education may influence maternal health care utilization have been suggested. Educated women are better able to break away from the traditions to utilize modern means of safeguarding their own health (Caldwell, 1979; Caldwell & Caldwell, 1988; Cleland, 1990) , they are able to make independent decisions (Caldwell, 1979 (Caldwell, , 1986 , and utilize what is available in the community for their advantage (Barrera, 1990; Caldwell & Caldwell, 1990; Goodburn et al. 1990 ). However, in the context of PMTCT, continued utilization of health care services AIDS Care 595 is needed and therefore the exact role of education in reducing LTF needs to be studied further. This is particularly important when PMTCT and ART programs are being rolled out in rural areas among relatively less educated population.
Family's economic status
HIV-infected women staying in families with higher economic status were found to be less likely to be LTF before and after delivery as compared to women belonging to lower economic status. The need for economic empowerment of women to reduce LTF in PMTCT has been recently highlighted from a study in Malawi (Chinkonde et al., 2009) . In our study, family's economic status was subjectively assessed by the counselor. This has a limitation when compared with findings from other studies. However, it is important to note that HIV-infected women in this study were accessing health care in private sector where they had to bear the cost of obstetric care and medical care for the baby though the services for PMTCT were offered free of cost. During the program implementation, it was also noted that the cost of providing obstetric care to HIV-infected women was often higher than the cost to HIVnegative women in the same private health facility. Our analysis suggests that lack of affordable care in private sector is a significant barrier for continued utilization of PMTCT services by the HIV-infected mother and baby. This finding suggests that there is an urgent need for advocacy efforts to reduce the cost of health care for HIV-infected women and also underlines the need for publicÁprivate partnerships so that HIV-infected women from different economic backgrounds can access affordable health care.
Woman's stage of pregnancy at the time of registration into the program Women who were pregnant for less than 20 weeks at the time of registration into the program were found to be less likely to be LTF compared to women who were pregnant for more than 20 weeks. The cut-off of 20 weeks was selected because medical termination of pregnancy (MTP) in India is legally allowed up to 20 weeks. It was hypothesized that LTF would be more among women who were registered before 20 weeks of pregnancy as some of them would opt for terminating their pregnancy and would not return to the PMTCT site. However, the analyses suggest that women who are registered during early pregnancy are more likely to continue utilization of PMTCT services. Early registration has previously been linked with higher uptake of sdNVP (WHO, 2009 ). Recognizing the importance of preventing LTF in PMTCT programs, in the recent PMTCT guidelines, WHO recommends to start ARV prophylaxis at 14 weeks despite the lack of direct evidence showing that starting prophylaxis earlier (than 28 weeks) is associated with lower rates of intrauterine transmission (WHO, 2009 ). Our analysis and program experience suggest that the quality of counseling is important for retaining women in the program. Women in our program who were registered before 28 weeks (and hence were advised to start ARV at 28 week) were less likely to be LTF (data not shown). Women who are registered earlier get the opportunity to have more AIDS Care 597 counseling sessions with the PMTCT counselor and also get more time to cope with their HIV diagnosis which might result into better follow-up. This finding indicates that it is important to concentrate efforts on enrolling women early in the pregnancy in order to retain them in the program.
Partner's HIV status
Women whose partners were known to be HIV infected were less likely to be LTF before delivery, however, it was not a significant factor for LTF after delivery. This finding underlines the importance of partner's involvement and support during pregnancy. Partners who are aware of their HIV-positive status are known to be more supportive towards their pregnant wives in seeking both ANC and care to prevent MTCT (Mawar et al. 2007 ). There are a few studies, mainly from Africa, that documented the benefits of partner involvement within PMTCT setup. In Zambia and Kenya, for example, women who received counseling along with their partners had improved acceptability of HIV testing, improved uptake of antiretroviral prophylaxis, and better adherence to alternative infant-feeding options (Farquhar et al., 2004; Semrau et al., 2005) . However, there is limited knowledge about the different strategies for partner involvement and testing in the PMTCT set-up. Based on this finding it can be suggested that it is important to counsel partners who are HIV-negative or unaware of their HIV status to support and encourage their HIV-infected pregnant wives to seek ANC and post-natal care. Innovative strategies to increase partner involvement in PMTCT programs are required.
Our study focuses on the demographic risk factors for LTF of HIV-infected women before and after delivery in the PMTCT program setting in India. In our analyses, we found similar factors associated with LTF both before and after delivery. These factors may be the core factors associated with continued utilization of services for the mother and the child. However, based on program experience, there could be other unmeasured factors such as distance to the clinic, quality of the counseling sessions, non-disclosure to family, and fear of discrimination at hospital that may directly or indirectly affect women's follow-up. Figure  1 shows possible ways in which these factors may be influencing a woman's risk of being LTF from the PMTCT program. One of the possible limitations of this study is that the data were not primarily collected to study LTF in the PMTCT setting. However, this is an inherent problem with the research having LTF as the study outcome. Therefore, it is also essential to take into consideration the unmeasured factors.
Although quality of counseling sessions could not be assessed, there was no significant difference in the LTF across different PMTCT sites suggesting uniformity in the quality of counseling across study sites. In this study we were not able to assess the impact of non-disclosure to family members and experiences of discrimination in the health care setting as risk factors for LTF. Based on the program experience both these factors appear to have direct effect on women's follow-up. Further research is warranted to study the effect of these factors on risk of LTF in the PMTCT context.
Our analyses have identified the need for innovative and effective counseling techniques for less educated women, economic empowerment of women, better strategies to increase uptake of partner's HIV testing, and early registration of women in the program for improving utilization of PMTCT services by HIV-infected women. The need is even greater for PMTCT programs in public health sector as the women accessing care in the public sector are less likely to be educated and economically more deprived. 
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